Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction
During the last 10-15 years, mobile phone technologies have been widely adopted in developing countries. Mobile phones have significantly improved people's access to information, especially for the rural poor who were never connected to landline phones before. Mobile phones have also reduced other types of transaction costs, thus improving the functioning of markets in various sectors, including agriculture, health, education, financial services, and many more (Fozdar and Kumar, 2007; Jensen, 2007; Duncombe and Boateng, 2009; Aker and Mbiti, 2010; Aker, 2011; Boulos et al., 2011; Aker and Ksoll, 2016; Blauw and Franses, 2016, Nakasone and Torero, 2016) . Currently, about 4 billion people globally are using mobile phones. More than two-thirds of these people live in developing countries; with 89% the highest penetration of mobile phones being recorded in sub-Saharan Africa (PRC, 2015) . People in Africa use their mobile phones for a large number of activities and services, including communication with business partners and friends via calls and text messages, access to news and various other types of information, financial transactions, and entertainment (PRC, 2015; UCC, 2015) .
A growing body of literature has used micro-level data to analyze the effects of mobile phone use on market access, input and output prices, agricultural production patterns, and household income (Donner, 2007; Jensen, 2007; Aker, 2010; Aker and Mbiti, 2010; Aker, 2011; Kikulwe et al., 2014; Aker and Ksoll, 2016; Nakasone and Torero, 2016; Sekabira and Qaim, 2017) . However, mobile phones can possibly also affect various other dimensions of social welfare, such as gender equality and nutrition. Understanding such broader effects is important especially against the background of the United Nations' Sustainable Development Goals, which go far beyond a narrow set of economic development indicators. While a few recent studies have conceptually discussed how mobile phones could influence food security and other welfare dimensions (e.g., 4 Aker and Mbiti, 2010; Nakasone et al., 2014; Nakasone and Torero, 2016) , empirical data that actually measure such broader social outcomes are scarce.
Here, we address this research gap by using panel data from a farm household survey carried out in Uganda. In particular, beyond looking at income effects, we analyze impacts of mobile phone use on gender equality and nutrition. As in other African countries, mobile phones were adopted very rapidly in Uganda during the last 10 years and are now widely used even by very poor households in remote rural locations (Muto and Yamano, 2009; UCC, 2015; Munyegera and Matsumoto, 2016) .
How can mobile phone use influence gender equality and nutrition? A few early studies discussed possible effects on gender roles (Bayes, 2001; Nath, 2001 ), yet without really evaluating them empirically. For farming households, improved market access through mobile phones will likely increase the degree of commercialization, which could reduce the decisionmaking power of women. Agricultural commercialization is often associated with men taking stronger control of agricultural production and income (Udry, 1996; Fischer and Qaim, 2012) . On the other hand, women are often particularly constrained in their access to markets and information. Hence, if women themselves were able to use mobile phones, they could possibly benefit even more than men (Aker and Ksoll, 2016) . This could contribute to women empowerment and improved gender equality within the household. Some of our data in Uganda were collected in gender-disaggregated form, so we are able to examine such aspects.
Nutrition effects of mobile phone use can occur through various pathways. Better market access and related income gains are typically associated with improved food security and dietary quality (Sibhatu et al., 2015) . Changing gender roles within the household can also influence nutrition (Fischer and Qaim, 2012) . As women tend to spend more on healthcare and dietary quality than men, women empowerment can improve nutrition even in the absence of income gains (Quisumbing and Maluccio, 2003; Hoddinott, 2012) . Furthermore, easier access to all sorts of news services and information through mobile phones may raise people's nutrition knowledge and awareness, which could also contribute to improved dietary practices.
Materials and Methods

Farm household survey
We use panel data collected in two survey rounds from randomly selected farm households in Masaka and Luwero Districts, Central Uganda. Farmers in these districts grow coffee as their major cash crop, in addition to banana, maize, sweet potato and various other food crops. Within the two districts, we used a two-stage sampling procedure, first selecting three locations and then randomly selecting farmers in each of these locations. The first survey round was conducted in 2012 and covered 419 farm households (Chiputwa et al., 2015) . The second survey round was conducted in 2015, targeting the same households. Due to sample attrition, we had to replace 25 households. In addition, we increased the sample size to a total of 455 households in 2015.
Additional households and replacements were randomly selected in the same locations. For the analysis, we use the unbalanced panel with 874 observations from 480 households.
In both survey rounds, we used a structured questionnaire for face-to-face interviews with the household head. Certain sections of the questionnaire were also answered separately by the spouse of the household head. The questionnaire focused on agricultural production and marketing, non-farm economic activities and income sources, household consumption, as well as 6 other socio-demographic and contextual details. Household diets were assessed through a 7-day food consumption recall covering more than 100 different food items. We also asked for mobile phone ownership and use at the household level, as well as separately for different household members. In this study, we are particularly interested in the mobile phone use by male and female adults in each household. Similarly, ownership of assets was captured in a gender-disaggregated way.
Measurement of key variables
The main explanatory variable of interest in our analysis is mobile phone (MP) use. We consider a household to be a MP user if at least one adult household member owned a mobile phone during a particular survey year. Furthermore, we differentiate between households where only male adults own a mobile phone (MMP) and households where at least one female adult owns a mobile phone (FMP).
In terms of outcomes, we are particularly interested in household income, gender equality within households, and nutrition. Household income is measured as the total income of the household from all sources over a period of 12 months. For farm income, this also includes the value of production not sold in the market. The cost of production was subtracted for all income derived from self-employed activities. Annual household income is expressed in Ugandan shillings (UGX) (1 US$ = 2,690 UGX). To be able to compare incomes between the two survey rounds, income in 2012 was adjusted to 2015 values using the official consumer price index (UBOS, 2015) .
Gender equality within the household is measured in terms of the proportion of productive assets owned by women or jointly by male and female household members. The proportion refers to the 7 monetary value of the assets. Looking at asset ownership is common in the literature when assessing the economic situation of women within households (Quisumbing and Maluccio, 2003; Alsop et al. 2006; Doss et al., 2014) . We are interested in how mobile phone use may influence asset ownership. In order to reduce possible issues of reverse causality, we do not consider very durable assets such as land or buildings. We only include short-and medium-term productive assets such as agricultural equipment (hoes, saws, wheelbarrow, sprayers etc.) and vehicles (bike, motorbikes, trucks etc.). In male-dominated households, such assets are predominantly owned by the male household head or other male members. A larger proportion of such assets being owned by females or jointly owned by male and female household members can be interpreted as a higher degree of women empowerment.
Nutrition outcomes can be measured in different ways, including anthropometric indicators, food consumption based measures, and households' subjective assessments of food access (Ruel, 2003; Masset et al., 2012; Shiferaw et al. 2014; Kabunga et al., 2014; Chiputwa and Qaim, 2016) .
Here, we are particularly interested in how mobile phones affect household food consumption and dietary practices, which we measure through household dietary diversity scores. Dietary diversity scores count the number of different food groups consumed over a specified period of time and are a common tool to assess food security and dietary quality (Ruel, 2003; Jones et al., 2014; Koppmair et al., 2017) . Dietary diversity was also shown to be a good proxy of child nutritional status in many situations (Arimond, 2004) .
We use the data from the 7-day food consumption recall to calculate two types of dietary diversity scores (DDS) at the household level. First, we use a DDS with 12 food groups, as is common in the literature to calculate household dietary diversity scores for food security assessment (Kennedy et al., 2011) . The 12 food groups considered are: cereals; white roots and tubers; vegetables; fruits; meat and poultry; eggs; fish; pulses, legumes and nuts; milk and milk products; oils and fats; sugar and honey; and spices, condiments, and beverages. Second, we use a DDS with only 9 food groups, excluding the following three: oils and fats; sugar and honey; and spices, condiments, and beverages. These three food groups are calorie-dense but contribute little to micronutrient consumption. Hence, the DDS with only 9 food groups included is generally considered a better indicator of dietary quality (Sibhatu et al., 2015) .
Econometric strategy
We aim to estimate the impact of mobile phone use on household income, gender equality, and nutrition, using the two-round panel data from farm households in Uganda. We start by looking at the three outcomes separately and estimate the following reduced-form panel data models:
where it Y , it GE , and it N are the indicators of income, gender equality, and nutrition, as explained above, referring to household i in year t. it MP is a dummy variable that takes a value of one if any adult in the household owned and used a mobile phone in year t , and zero otherwise. it X is a vector of farm, household, and contextual characteristics, t T is a year dummy for 2015, and it ε is a normally distributed random error term. Equations (1) to (3) are estimated separately. We are particularly interested in the estimates for 1 β . Positive and significant estimates would imply that mobile phone use increases household income, gender equality, and nutrition after controlling for 9 other factors.
In a second set of estimates, we use the same reduced-form equations (1) to (3) (Cameron and Trivedi, 2005) . An insignificant Hausman test statistic suggests that the RE estimator leads to consistent results and is preferable due to its higher efficiency. A significant test statistic, on the other hand, points at problems with unobserved heterogeneity, so that the FE estimator is preferred.
One drawback of the FE estimator is that for each variable of interest it requires sufficient variation within households over time to produce efficient estimates. Completely time-invariant variables drop out during estimation, and for variables with little time variation the estimates are often unreliable. One alternative is the Mundlak approach that produces more efficient estimates for variables with little time variation (Mundlak, 1978) . The Mundlak approach builds on the FE estimator but adds variable group means to reduce issues of unobserved heterogeneity. As the time variation in our mobile phone dummies is limited, we use the Mundlak estimator in addition to the standard RE and FE models.
Modelling impact pathways
As discussed above, the impact of mobile phone use on household nutrition will likely be channeled through the effects of mobile phones on income and gender equality. To model these causal pathways more explicitly, we develop and estimate a system of simultaneous equations as follows:
In equation (4), nutrition ( it N ) is modeled as a function of household income ( it Y ), gender equality ( it GE ), and other socioeconomic factors ( it X ). In equations (5) and (6), household income and gender equality are modeled as functions of mobile phone use ( it MP ) and other socioeconomic characteristics ( it Z and it L ). In equation (7), mobile phone use is itself considered endogenous and explained by a vector of socioeconomic variables ( it M ). Equations (4) to (7) are estimated simultaneously using three-stage least squares (Zellner and Theil, 1962) .
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The vectors it X , it Z , it L ,and it M include farm, household, and contextual characteristics that may overlap across the different equations. For instance, in all equations we include age, education, and gender of the household head, household size (measured in terms of adult equivalents), land owned, distance to road, and a district dummy that can all influence mobile phone adoption and the different welfare outcomes. For it M in equation (7) we additionally include two instruments that are correlated with mobile phone adoption but have no effect on household welfare through other pathways. These instruments are the strengths of the mobile network coverage in the location of household i and the number of households using mobile phones out of the 10 closest neighbors. Valid instruments control for unobserved heterogeneity and also for possible reverse causality. For instance, it could be possible that the links between mobile phone use, household income, and gender equality work in several directions. Since the FE and Mundlak estimators cannot control for reverse causality, estimates from this simultaneous equation model with instruments for mobile phone use can also serve as a robustness check for the reduced-form results from equations (1) to (3). Tables, S1 and S2 in the supplementary online material show the same variables, differentiating between female and male only mobile phone users. Table 3 shows descriptive statistics for the outcome variables of interest in this study.
Results and Discussion
Descriptive statistics
Households using mobile phones have higher incomes and higher levels of gender equality than households without mobile phones. In households without mobile phones, women own less than 50% of the productive assets alone or together with male household members. In mobile phoneusing households, 63% of the assets are owned by women or jointly by male and female household members. Dietary diversity is also higher in households with mobile phones.
Differences are statistically significant for both dietary diversity scores, with 12 and 9 food groups. The middle and lower parts of Table 3 show the same outcome variables differentiated by female and male mobile phone use. While male-only use of mobile phones is not associated with significant differences in any of the outcome variables, female use of mobile phones is.
Households in which females use mobile phones have higher incomes, more equal gender relations, and higher levels of dietary diversity than households in which females do not use mobile phones. The results in Table 3 lend support to the hypothesis that mobile phone use by females has stronger positive social welfare effects than mobile phone use by males alone, although these simple comparisons should not be over-interpreted in a causal sense. Causal relationships are analyzed more formally below. Table 4 shows the estimation results of equations (1) and (2), using random effects (RE), fixed effects (FE), and Mundlak (MK) estimators, as explained above. For the income model, the RE estimator produces a positive and significant coefficient for the mobile phone use dummy.
Aggregate effects of mobile phone use
However, the Hausman test is statistically significant, so that the RE estimate may be biased.
With the FE estimator, the effect of mobile phones is insignificant, due to a relatively large standard error. But the MK estimator produces a positive and significant coefficient, which we use here for interpretation. The results in column (3) of Table 4 suggest that mobile phone use has increased household income by 0.43 million UGX, which is equivalent to a 26% gain compared to the mean income of households without mobile phones. This is a substantial effect that can be explained through mobile phones improving households' access to information and markets, lower transaction costs, and hence higher returns in agricultural and non-agricultural activities. That mobile phones can have sizeable economic effects at the micro level was also shown in number of previous studies (Donner, 2007; Jensen, 2007; Muto and Yamano, 2009; Aker, 2010; Blauw and Franses, 2016) . Columns (4) to (6) of Table 4 show that mobile phone use also improves gender equality. As the Hausman test statistic in this model is insignificant, we rely on the RE estimate for interpretation.
Mobile phone use increases the proportion of productive assets owned by women or jointly by women and men by 0.09, which is equivalent to a 19% increase over the mean female asset ownership in households without mobile phone. Such effects on gender equality were not analyzed before, but they are plausible given that women are often particularly constrained in their access to information and markets and may therefore benefit over-proportionally from the use of mobile phone technologies.
Results of the effects of mobile phones on household nutrition are shown in Table 5 . As explained we use a dietary diversity score (DDS) with 12 food groups to assess household food security and a DDS with 9 food groups to proxy dietary quality. For both outcome variables, the Hausman test is insignificant, so we use the RE estimates for interpretation. Mobile phone use significantly improves access to food and dietary quality. This is consistent with what was hypothesized in the literature (Nakasone and Torero, 2016) , even though this hypothesis had not been tested before empirically. A few other explanatory variables in Table 5 also have significant effects. Education of the household head and household size tend to increase dietary diversity at the household level, while age decreases dietary diversity, as one would expect. The 2015 dummy has a negative effect, which can be explained by lower rainfall in the 2014 season and thus poorer agricultural harvests than in the 2011 season that was captured in the 2012 survey round.
Gender-disaggregated effects of mobile phone use
So far, we have used household-level mobile phone use as the main explanatory variable in the models, regardless of who in the household actually used mobile phones. We now differentiate between female and male mobile phone use to gain further insights into gendered effects. Table 6 shows the estimation results for household income and gender equality. Female mobile phone use has significantly positive effects on both outcome variables, while male mobile phone use has not. The same pattern is also observed for the effects of female and male mobile phone use on household diets, which are shown in Table 7 .
The insignificant coefficients of male mobile phone use should not be over-interpreted. As explained, the MMP dummy only captures households in which males alone use mobile phones.
In many cases, both male and female household members use mobile phones, and these cases are captured by the FMP dummy. Nevertheless, that female mobile phone use seems to be more important for positive social welfare effects than male mobile phone use is remarkable and in line with our hypothesis on gendered implications. Women benefit over-proportionally from the use of mobile phone technologies, and larger economic benefits are also reflected in enhanced gender equality within the household and better household nutrition. 
Impact pathways
We now turn to estimating the simultaneous equation model explained in equations (4) to (7) in order to test the expected causal pathways more explicitly. The system of equations can be estimated with aggregate mobile phone use (MP) or also with female mobile phone use (FMP) and male mobile phone use (MMP) separately. The previous sections showed that FMP is more important for the economic and social effects analyzed here; hence we only show the results using the FMP dummy. The main effects are summarized in Table 8 . Full effects are shown in Table S3 (supplementary online material). (1) and (2). Coefficient estimates are shown with standard errors in parentheses. Full model results are shown in Table S3 (supplementary online material). DDS, dietary diversity score; FMP, mobile phone used by at least one female, *** p<0.01, ** p<0.05, * p<0.1
Column (1) of 0.34 food groups. The coefficient of gender equality is larger, which is also due to the fact that this variable is measured as the proportion of assets owned. When all productive assets are owned by females or jointly by males and females in the household (as opposed to ownership by males only), the number of food groups consumed in the household will increase by 2.45. This is a very substantial effect, clearly underlining the importance of women empowerment for food security.
The middle part in column (1) of Table 8 shows that both variables -household income and gender equality -are positively affected by female mobile phone use. Thus, the simultaneous equation model confirms that the effects of mobile phones on nutrition are channeled through household income and gender equality. We can also use the coefficient estimates in Table 7 . In other words, the two pathways modeled here seem to explain most of the effects of mobile phones on household food security.
The lowest part of column (1) in Table 8 shows that the two instruments employed for female mobile phone use -number of neighbors using mobile phones and network coverage -are highly significant. The consistency of this instrumental variable approach with the earlier results confirms the robustness of the findings and also suggests that reverse causality is not an issue.
Column (2) of Table 8 shows estimates for the same simultaneous equation model but now using the 9 food group DDS as the final outcome variable. The results are very similar to those in column (1), only that the gender equality effect on DDS is smaller and statistically insignificant.
This model suggests that income is more important for dietary quality than women empowerment. However, concluding that gender equality would not matter at all would be wrong. When excluding income from this model, the coefficient of gender equality increases and turns significant, meaning that income and gender equality are positively correlated.
Conclusion
Mobile phone technologies have spread very rapidly in rural Africa and other parts of the developing world. While previous studies had analyzed effects of mobile phone use on economic indicators -such as input and output prices, profits, and income -research on implications for broader social development is scarce. Better understanding social welfare effects is of particular importance against the background of the United Nations' Sustainable Development Goals. In this paper, we have used data from farm households in Uganda to analyze effects of mobile phone use on household income, gender equality, and nutrition. Gender equality was measured in terms of the proportion of household productive assets owned by females or jointly by female and male household members, as opposed to ownership by male members alone. Nutrition was measured in terms of two dietary diversity scores that portray food security and dietary quality.
Results from reduced-form panel regressions showed that mobile phone use has positive and significant effects on income and gender equality. After controlling for other factors, mobile phone use has increased household income by 26% and gender equality by 19%. Likewise, mobile phone use has enhanced household food security and dietary quality. Gender disaggregation further revealed that female mobile phone use has stronger positive effects than 23 male mobile phone use alone. Women seem to benefit over-proportionally from mobile phone technologies, which is plausible given that women are often particularly constrained in their access to markets and information. Hence, a new technology that helps reduce transaction costs and allows new forms of communication can be particularly advantageous for women. Higher incomes and better access to information for women influence their bargaining position within the household, thus also improving gender equality.
Simultaneous equation models were used to analyze causal pathways of these effects more explicitly. Estimation results showed that the effects of mobile phones on household diets are primarily channeled through the income and gender equality pathways. Both variables significantly affect dietary diversity, and both variables are positively affected by mobile phone use. In terms of relative magnitudes, both channels play almost equal roles for the nutrition effects of mobile phone technologies. In the simultaneous equation models, we also used instrumental variables to explain mobile phone adoption, thus controlling for reverse causality and other possible endogeneity issues. The similarity of the results between the reduced-form and the simultaneous equation models underlines the robustness of the findings.
Nevertheless, a few limitations are worth highlighting. First, our results refer to the specific setting in Uganda and cannot be generalized without further analysis in other regions. Second, our panel data only include two survey rounds. While a panel has clear advantages over crosssection data, more survey rounds would be useful for increasing the reliability of the impact estimates and for better capturing possible long-term effects. Third, and related to the previous point, our panel survey covers a time span in which many of the rural households in Uganda had already adopted mobile phones. Adoption rates further increased between the first and the second survey round, but it is possible that an earlier baseline survey with lower adoption rates would have led to somewhat different results. Unfortunately, such baseline data were not available. In spite of these limitations, we cautiously conclude that mobile phone technologies can improve gender equality and nutrition in rural households, especially when women have access to mobile phones. Gender-sensitive promotion strategies will have to ensure that these potentials are realized at large scale.
